Background and Purpose: At present, stroke patients receiving intravenous thrombolysis (IVT) undergo monitoring of their neurological status and vital signs every 15 minutes for the first 2 hours, every 30 minutes for the next 6 hours, and every hour thereafter up to 24 hours post-IVT. The present study sought to prospectively evaluate whether post-IVT stroke patients with low risk for complications may safely be cared for utilizing a novel low-intensity monitoring protocol. Methods: In this pragmatic, prospective, single-center, open-label, single-arm safety study, we enrolled 35 post-IVT stroke patients. Adult patients were eligible if their NIH Stroke Scale (NIHSS) was less than 10 at the time of presentation, and if they had no critical care needs by the end of the IVT infusion. Patients underwent a low-intensity monitoring protocol during the first 24 hours after IVT. The primary outcome was need for a critical care intervention in the first 24 hours after IVT. Results: The median age was 54 years (range: 32-79), and the median pre-IVT NIHSS was 3 (interquartile range [IQR]: 1-6). None of the 35 patients required transfer to the intensive care unit or a critical care intervention in the first 24 hours after IVT. The median NIHSS at 24 hours after IVT was 1 (IQR: 0-3). Four (11.4%) patients were stroke mimics, and the vast majority was discharged to home (82.9%). At 90 days, the median NIHSS was 0 (IQR: 0-1), and the median modified Rankin Scale was 0 (range: 0-6). Conclusion: Post-IVT stroke patients may be safely monitored in the setting of a low-intensity protocol.
Introduction
Ischemic stroke is a leading cause of disability and mortality in the United States. 1, 2 Intravenous thrombolysis (IVT) with recombinant tissue plasminogen activator is the cornerstone of acute stroke therapy, however, harbors the risk of systemic and intracranial hemorrhage as a potential lifethreatening complication. 3 Therefore, it is currently recommended that all patients undergoing IVT are closely monitored for at least 24 hours with frequent vital sign checks and neurological assessments. 4 Not uncommonly, post-IVT care occurs in a critical care environment, such as an intensive care unit (ICU) or a stroke unit with ICUlike capabilities. The frequency of vital sign checks and neurological assessments is strictly protocolized as per consensus guidelines on post-IVT care, mandating checks every 15 minutes for the first 2 hours, every 30 minutes for the next 6 hours, and every hour thereafter as part of the current standard of care. 5, 6 Post-IVT monitoring is resource intensive and commonly requires one-to-one nursing, resulting in increased health-care costs. In resource-limited settings, post-IVT monitoring may tie-up valuable hospital resources, including critical care beds.
At present, it is unknown if high-intensity monitoring is necessary for all post-IVT patients. In a previous retrospective study, we have shown that complications and need for ICU care are exceedingly rare in post-IVT patients presenting with an NIH Stroke Scale (NIHSS) <10 and who are otherwise free of complications by the end of their IVT infusion. 7 The present study sought to prospectively evaluate whether post-IVT stroke patients with low NIHSS who do not require critical care by the end of the IVT infusion may safely be cared for by utilizing a low-intensity monitoring protocol. We hypothesized that these patients are at low risk for complications and that monitoring these patients under a lowintensity monitoring protocol will be feasible and safe.
Methods

Study Design, Setting, and Participants
The Optimal Post Tpa-Iv Monitoring in Ischemic STroke trial is a pragmatic, prospective, single-center, open-label, singlearm safety study conducted at Johns Hopkins Hospital. The study site is a comprehensive stroke center certified by The Joint Commission, and IVT is administered in the emergency department (ED) according to American Heart Association guidelines. 4 We enrolled 35 patients with acute stroke who received IVT between March 1, 2014, and March 31, 2018 (Supplemental Figure 1 ). Patients were eligible if they were between ages 18 and 80, if their NIHSS was less than 10 at the time of presentation and at the end of the IVT infusion, and if they had no critical care needs by the end of the IVT infusion. The practice at our institution has been that only patients with disabling symptoms are offered IVT. Patients who underwent endovascular therapy were excluded. This study was approved by the institutional review board of Johns Hopkins University School of Medicine. This study was registered at clinicaltrials.gov (NCT02039375).
Low-Intensity Monitoring Protocol
During the IVT infusion and in the first hour after IVT completion, patients underwent vital sign checks and neurological assessments every 15 minutes according to the current standard of care. Patients were then transferred to our stroke unit, a telemetry unit with a nurse-to-patient ratio of 1:3, but without critical/intermediate care capabilities. Our stroke unit is staffed by stroke-trained nurses; however, nurses do not have expertise, training, or experience in critical/intermediate care. Monitoring under the low-intensity protocol commenced at the time of the patients' arrival in our stroke unit. The protocol is comprised of vital sign checks and neurological assessment on admission to the stroke unit, then 1 hour after admission, then every 2 hours for another 8 hours, followed by vital sign checks and neurological assessments every 4 hours until 24 hours post IVT are complete. We aimed to transfer all patients to our stroke unit from the ED by the end of the first hour after IVT completion. Patients who could not immediately be transferred to our stroke unit by 1 hour post IVT (ie, due to bed availability) were monitored in the ED under the current standard of care until the time of transfer. At completion of the protocol, 24 hours post IVT, patients were cared for according to the current standard of care. Figure 1 outlines the low-intensity monitoring schedule and juxtaposes the current standard of care post-IVT monitoring schedule for the first 24 hours after IVT.
Primary Outcome, Follow-Up, and Secondary Outcomes
The primary outcome was need for a critical care intervention in the first 24 hours after IVT, or perceived need to transfer the patient to the ICU even if no actual critical care intervention was performed. Secondary outcomes included NIHSS at 24 hours, NIHSS and modified Rankin Scale (mRS) at discharge, and NIHSS and mRS at 90 days.
Infarct Volume Measurements
Quantitative analysis of infarct volumes on post-IVT magnetic resonance imaging was performed by using a commercially available segmentation software integrated into Picture Archiving and Communication System (PACS) (Carestream Health, Rochester, New York) to obtain a semiautomated infarct segmentation. In this approach, the user measures the longest diameter of each lesion on the diffusion-weighted MR image, and then the software segments the lesion volumetrically. This is followed by visual inspection and manual correction by the user to obtain the final infarct volume.
Statistical Analysis
Baseline demographics, comorbidities, medication use, stroke severity measures, physiological/laboratory parameters, and outcome data were assessed using descriptive statistics. 
Data Availability Statement
The data that support the findings of this study are available from the corresponding author upon reasonable request.
Results
Patient Characteristics
The median age was 54 years (range: 32-79; Table 1 ); 21 (60.0%) patients were male. The median pre-IVT NIHSS was 3 (IQR: 1-6; range 0-9), and the median admission systolic blood pressure was 157 mm Hg (IQR: 140-177 mm Hg). Twenty-three (65.7%) of 35 patients were treated within 3 hours from last known well. The median time from end of IVT infusion to transfer out of the ED was 109 minutes (IQR: 60-153 minutes). There were no intracranial large vessel occlusions; however, one patient had an extracranial occlusion of the internal carotid artery (ICA) in the setting of a dissection, and another had a symptomatic high-grade ICA stenosis. Four (11.4%) patients were stroke mimics, and the vast majority was discharged home (82.9%). There were no in-hospital deaths. Further characteristics of the study population are presented in Table 1 .
Primary and Secondary Outcomes
Study outcomes are summarized in Table 2 . None of the 35 patients required transfer to the ICU or a critical care intervention in the first 24 hours after IVT. Two patients required ICU care later in the hospital course: one for routine postoperative care after carotid endarterectomy, and one on hospital day 4 after hemorrhagic transformation in the setting of a heparin drip for carotid dissection.
The median NIHSS at 24 hours after IVT was 1 (IQR: 0-3; Table 2 ), and the median improvement in NIHSS at 24 hours from baseline was 2 (IQR: 0-4). The median NIHSS and mRS at discharge were 1 (IQR: 0-2) and 1 (range: 0-4), respectively. One patient died several weeks after discharge due to a cardiovascular event unrelated to his stroke. At 90 days, the median NIHSS was 0 (IQR: 0-1), and the median mRS was 0 (range: 0-6).
Discussion
In the present study, we show that it is feasible and safe to care for of a subset of post-IVT patients in a low-intensity monitoring environment. Our low-intensity monitoring protocol is identical to the standard of care protocol only in the first 2 hours after IVT bolus administration, and thereafter transitions to every 1-hour monitoring for 1 hour, every 2-hour monitoring for 8 hours, followed by every 4-hour monitoring until 24 hours post IVT are complete. Patient selection based on critical care needs at the end of the IVT infusion and NIHSS were informed and supported by prior data by us, and others suggesting that complications requiring ICU care are relatively uncommon in patients with NIHSS less than 10; and if complications occur, they are typically apparent by the end of the IVT infusion or shortly thereafter. [7] [8] [9] Patients with large vessel occlusion nowadays routinely undergo mechanical thrombectomy in conjunction with IVT. 10 At our institution, post-thrombectomy patients are routinely monitored in the ICU, and these patients were not included in our study. Therefore, we do not suggest that postthrombectomy patients be monitored in a low-intensity monitoring environment, even if their NIHSS is less than 10.
The monitoring location of post-IVT patients under the current standard of care may vary by institutions, that is, post-IVT monitoring may occur in an ICU, an intermediate care unit, or a designated stroke unit. However, regardless of physical location, all patients are presently required to undergo high-intensity monitoring in order to comply with current guidelines. 5, 6 High frequency vital sign checks and neurological assessments as per the current standard of care typically require one-to-one nursing care and therefore dictate resource-intense monitoring regardless of physical patient location. Thus, in times of increasing financial constraints and limited resources, the implementation of our low-intensity protocol may free up nursing resources and may allow for reallocation of critical care resources in institutions where post-IVT patients are presently monitored in the ICU. The pragmatic approach of this trial was intended to facilitate swift and effortless implementation of our low-intensity monitoring protocol across other institutions.
The median NIHSS of our study population was relatively low; however, patients with low NIHSS comprise a significant proportion of all acute strokes eligible for IVT, 11 and there is increasing evidence that IVT is efficacious in these patients. 12, 13 Similarly, stroke mimics constitute a notinsignificant and unavoidable subset of all IVT-treated patients, and IVT is generally considered safe in this patient population. [14] [15] [16] [17] Patients with low NIHSS and/or stroke mimics may therefore not require the same intensity of post-IVT monitoring as more severe strokes, that is, due to large-vessel occlusion. Since stroke mimics typically present with low NIHSS, 14,17 the criteria for inclusion in our monitoring protocol may enrich for stroke mimics and strokes with low NIHSS to be monitored under low-intensity conditions. Our data may suggest that low intensity, and thus cost-and resource-effective, monitoring of a subpopulation of IVT patients is feasible and safe, and we propose to reserve high-intensity post-IVT care only for those patients deemed at high risk for post-IVT complications.
Our study is limited by the relatively small sample size. Although our results are generalizable to eligible post-IVT patients in other institutions, it is unknown whether highintensity monitoring provides additional benefits beyond detection of complications and hemorrhages that may impact functional outcome. Although we did not have any in-hospital deaths and over 80% of patients were discharged to home, our study was not sufficiently powered to show that long-term functional outcomes under the low-intensity protocol are comparable to outcomes with standard-of-care monitoring. Lastly, our results are not generalizable to patients undergoing mechanical thrombectomy.
We propose that the current "one size fits all" approach of post-IVT monitoring may be unnecessary for a subset of post-IVT patients. Patients with an NIHSS of less than 10 and no critical care needs during the IVT infusion may be safely cared for in a low-intensity monitoring environment post IVT. This may allow for more cost-effective utilization of critical care and nursing resources, reduce the number of hand offs, and potentially shorten length of stay. Future studies with larger patient numbers will have to confirm the safety and efficacy of our protocol.
